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RESEARCH MEMORANDUM 
f o r  the 
U. S. A i r  Force 
m - F L I G ' E P T  INVESTIGATION OF TIIF: FULL-SCAIX WGHES 
FALCON MISSII;E, D CONFIGURATION, TO DETERMINE 
A I m O N  EFFECTIVENESS AND DAIvPING I N  ROLL 
By Reginald R. Lundstrom 
SUMMARY 
A free-fl ight investigation was conducted over the Mach number range 
from 0.8 t o  1.8 near zero l i f t  t o  determine the aileron effectiveness and 
damping i n  r o l l  of the full-scale Hughes Falcon mtssile, D configuration., 
Drag-coefficient data were also determined. 
f ic ien t  per degree aileron C 
sectional area bad a peak value of 0.094 at Mach number 0.96 and decreased 
t o  a value of 0.037 at the maximum Mach number of the t e s t .  
in-roll  derivative C basdd on body diameter and body cross-sectional 
area had approximately a constant value of 23 over the Mach number range 
of the test. 
was about 0.4 up t o  a Mach number of 0.9 and graduplly increased t o  
about 0.8 a t  a Mach number of 1.2 and remained a t  0.8 up t o  the maximum 
Mach number of the t e s t .  
Aileron-effectiveriess coef- 
based .on b'ody diameter and body cross- b 
The damping- 
2.p 
The drag coefficient based on body cross-sectional area 
INTRODUCTION 
A t  the request of the U. S. A i r  Force, the Langley Pi lot less  Aircraft 
Research Division i s  conducting free-fl ight t e s t s  of the full-scale Hughes 
Falcon missile i n  an e f for t  t o  obtain staQili ty and control effectiveness 
information, 
ration of the Hughes Falcon missile t o  obtain longitudinal s t ab i l i t y  
information may be found i n  reference 1. 
Results obtained from rocket model t e s t s  of the C configu- 
Restriction/Classification 
Cancelled
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1 s  
The present report gives r e su l t s  from a flight test  conducted t o  
determine a i le ron  effectiveness and damping in  roll of the D configuration 
of the Falcon m i s s i l e  near zero l i f t  over the Mach number range from 0.8 
‘ to  1.8 and corresponding Reynolds number range of approximately 4 x 10 
6 t o  12 x 10 per foot.  
this f l ight tes t  i s  a l so  included. 
6 
!Phe approximately zero- l i f t  drag as obtained from 
Inasmuch as these t e s t s  were conducted at’ low a l t i tude ,  the model 
as furnished by the Hughes Company w a s  made much heavier than the t a c t i c a l  
missile i n  order that the deceleration would be lower over that par t  of 
the flight during which the data were obtained. 
w a s  obtained by using a booster made up of two solid-fuel ABL Deacon 
rockets w i t h  suitable-size s tab i l iz ing  f ins .  
The desired Mach nmber 
SYMBOLS 
body diameter, 0.733 f t  
dynamic pressure, lb/sq f t  
acceleration due t o  gravity, 32.2 f t / sec2  
Mach number 
maximum body cross-sectional area, 0.223 sq f t  
free-stream velocity, f t / s ec  
model w e i g h t ,  179.5 l b  
model- acceleration along fl ight path, f t /sec2 
model f l ight-path angle measured from the horizontal, deg 
a i le ron  deflection, deg (6 = 2O means one ai leron up 2 O  
and other down 2O; posit ive 6 w i l l  cause model t o  r o l l  
clockwise, viewed from rear) 
posit ive 6 
negative 6 
moment of i n e r t i a  about body longitudinal axis, slug-ft2 
moment of i ne r t i a  
moment of i ne r t i a  
IY 
IZ 
CD drag coefficient, 
about Y-axis , 
about Z - a x i s  , 
Drag/qS 
slug-f t 2  
slug-f t 2  
3 
pl body r o l l  angle, radians 
@ roll rate, radians/sec 
r o l l  acceleration, radians/sec 2 3 
c2  
Rolling moment rolling-moment coefficient, 
qSd 
out-of-trim rolling-moment coefficient c20  
APPARATUS AND METHOD 
Model Description and T e s t  
The Hughes Falcon D configuration i s  a cruciform winged missile 
with small forward l i f t i n g  surfaces of low aspect r a t i o  and larger  rear  
l i f t i n g  surfaces of very low aspect ra t io .  
f l a p  controls are a t  the t r a i l i n g  edge of the rear l i f t i n g  surfaces. 
The body is  cyl indrical  except f o r  the nose and boa t t a i l  sections. 
sketch of the model i s  shown i n  figure 1 and a photograph, i n  figure 2. 
Details of the l i f t i n g  surfaces and controls are shown i n  figure 3 .  The 
body coordinates are l i s t e d  i n  table  I. The model w a s  constructed from 
steel  except f o r  the nose section which w a s  made of brass for bal las t  
purposes and the rear wings which were made of 24S-T4 aluminum alloy. 
The control surfaces were made of s teel .  Physical character is t ics  of 
the model are presented i n  table  11. 
The aerodynamically balanced 
A 
4 NACA RM SL54Kl9 
The ailerons were programmed i n  a square-wave pattern by means of a 
hydraulic pulse system, and the control surfaces were against the stops 
f o r  longer periods of t i m e  a t  the lower Mach numbers i n  order t o  allow 
the r o l l  ra te  t o  build up close t o  the steady-state value during each 
pulse. About 1/4" of f ree  play existed i n  one of the control surfaces. 
Since unpublished wind-tunnel data show these control surfaces t o  be 
aerodynamically underbalanced, it has been assumed that this play would 
at  a l l  times be taken up so as  t o  make the control deflection closer t o  
zero. 
and 6 = 2'. 
The measured aileron deflections at  the stops w e r e  6 = -1.87O 
Instrumentat ion 
The model was equipped with an NACA eight-chaiulel telemeter. Q w -  
t i t i e s  measured were normal, transverse, and longitudinal accelerations, 
r o l l  ra te  and acceleration, control position, t o t a l  head pressure, and 
body s t a t i c  pressure. 
and tracking radar w a s  used t o  obtain the position of the model as a 
function of f l ight time. Atmospheric conditions a t  the time of f l i gh t  
were obtained from a radiosonde. 
A Doppler velocimeter w a s  used t o  obtain velocity, 
Reduction of Data 
Reduction of data was made using the single-degree-of-freedom r o l l  
equation: 
Since the quantity C desired was the roll-damping derivative of tQe 
ent i re  configuration rather than the particular wing plan form, no effor t  
was made t o  account f o r  interference effects.  
between approximately 2' and -2' = 0. 
IP 
As the controls were pulsed 
a t  some time during each pulse, 
?* 
When # = o ,  w a s  plotted as a 
function of Mach number f o r  both the positive and negative control deflec- 
t ions.  
control deflection and another through the points of negative control 
deflection. The difference between these curves is  as follows: 
A curve was faired through the points obtained from the positive 
5 
With 
18 
This equation divided by ( S, - 
(c,sa + C ) known as a function of Mach number, C 
only unknown i n  the roll equation and could be determined. 
accuracy i n  determining C2 could be obtained by substituting values 
of $4 and $ near the end of each pulse when 4 was closest t o  i t s  
steady-state value. 
gave the desired quantity C 
then became the 
10 l P  
Greatest 
ow P 
+ g s in  7 )  
Drag data were reduced from the relationship CD = - 
gqs 
*"he acceleration a 2  was determined by differentiation of the velocity- 
time curve obtained from the Doppler radar because the longitudinal 
accelerometer did not operate properly. 
Accuracy 
The point accuracy of the quantities l i s t ed  i s  believed t o  be within 
the following limits: 
C . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  f5percent  
c . . . . . . . . . . . . . . . . . . . . . . . . . . . .  *lopercent 
cD . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  f3percent  
v . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  f l p e r c e n t  
M . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  f l p e r c e n t  
16 
1P 
RESULTS AND DISCUSSION 
The Reynolds number per foot f o r  these t e s t s  varied from 3.85 x 10 6 
6 a t  M = 0.8 t o  12.15 x 1 0  at M = 1.8. Some transient pitching and 
yawing motion resulted from the abrupt change i n  aileron position. 
angle of attack o r  sideslip i n  almost a l l  cases was determined t o  be less  
than lo and the peaks of the normal and l a t e r a l  oscillations about goo 
out of phase. A sample time h i s t o r y  of $, 4, and 6 as  the model 
coasted through the Mach number range i s  presented i n  figure 4. 
of the relatively slow response of the instrument measuring roll accel- 
eration, it was necessary t o  apply a time-lag correction t o  the values 
The 
Because 
6 
of r o l l  acceleration used i n  reducing the data. 
acceleration values were in  very good agreement with values obtained by 
differentiating the r o l l  rate.  
the roll acceleration during o r  immediately a f t e r  the t i m e  the control 
surfaces moved from one position t o  the other. $ 
did not pass through zero during the  first pulse because the out-of-trim 
moment was i n  the same direction as the pulse. 
and C 
The rolling-moment coefficients f o r  the other pulses were obtained by 
using the value of @ when @ = 0 mentioned under the section "Reduction 
of Data." Variation of rolling-moment coefficient with Mach number i s  
shown i n  figure 5. The rolling-moment coefficient is  plotted positive 
f o r  both positive and negative 6 t o  show the change i n  out-of-trim 
moment with Mach number. Aileron effectiveness, Cz6, as obtained from 
rolling-moment coefficient i s  presented as  a function of Mach number i n  
figure 6. The trend of C against M corresponds closely t o  the f lap 
lift effectiveness shown i n  reference 2 and i f  the spanwise center of 
pressure of the f lap  i s  assumed t o  be at  the center of exposed span of 
the flap, the order of magnitude i s  also the same. 
The corrected ro l l -  
In  figure 4 no attempt was made t o  correct 
It may be noted that 
V a l u e s  of C l  6 + C ( 6 4 
were reduced from this pulse by using a method of least squares. 
lP 
.. 
26 
The damping-in-roll derivative C i s  presented as  a function of 
2P 
Mach number i n  figure 7. The values of C shown are for  r o l l  rates 
of about 20 radians p$r second. 
ia t ion of C with @. Although it was i n  general indicated that  C 
was 5 t o  10 percent lower a t  10 radians per second than at  20 radians per 
second, t h i s  was not always the case and because this is  within the prob- 
able accuracy band, the results are not presented. It w i l l  be noted tha t  
C is  practically independent of Mach number. Direct comparison w i t h  
theory is  impractical f o r  this configuration because of the large radius 
a t  the leading edge of the rearward surface body juncture and the effects 
of interference from the forward surface. Theory, however (for example, 
see refs.  3 and 4),  does indicate the general order of magnitude and the 
fac t  t h a t  fo r  such a low aspect ra t io ,  C is  practically independent 
of Mach number. Reference fs which gives experimental data on delta wings 
with leading-edge sweep up t o  TO0 also checks this order of magnitude and 
trend. 
ZP 
An attempt was made t o  determine the var- 
lP l P  
lP 
2P 
Variation of drag coefficient with Mach number i s  presented i n  
figure 8. 
and gradually increased t o  0.8 a t  a Mach number of 1.2 and remained at  0.8 
The drag coefficient was about 0.4 up t o  a Mach number of 0.9, 
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7 
up t o  the maximum Mach number of the test .  
w i t h  unpublished f l ight- tes t  data obtained from Hughes  Aircraft Company. 
The drag-coefficient curve has the same general shape as that  of the 
Falcon C configuration shown in reference 1; however, the f ac t  that t h e  
C configuration model had an angle-of-attack vane in  front of the blunt 
nose which may have affected the drag precludes any possibil i ty fo r  direct  
comparison of magnitude of drag coefficient. 
This is  i n  very close agreement 
CONCLUSIONS 
A rocket-model test  of the full-scale Hughes Falcon missile, D con- 
figuration, over a Mach number range from 0.8 t o  1.8 gave the following 
results (coefficients based on body diameter and cross-sectional area) : 
(1) The rolling-moment coefficient per degree aileron increased t o  
a maximum value of 0.094 a t  Mach number 0.96 and decreased t o  a value 
of 0.037 a t  the maximum Mach number of the test .  The trend w i t h  Mach num- 
ber w a s  much the same as the trend of normal-force coefficient per degree 
elevator f o r  a similar trailing-edge f lap  on a 60' delta w i n g .  
normal-force coefficients are converted t o  rolling-moment coefficients, 
the order of magnitude i s  also the same. 
When the 
w a s  approximately constant 
c2P 
(2) The damping-in-roll derivative 
a t  a value of 23 over the Mach number range tested. This trend and order 
of magnitude i s  indicated by tbeory and f l i gh t  tests on delta wings. 
(3) The drag coefficient based on body cross-sectional area was 
about 0.4 up t o  a Mach number of 0.9 and gradually increased t o  about 0.8 
a t  a Mach number of 1.2 and remained a t  0.8 up t o  the maximum Mach number 
of the test. 
Langley Aeronautical Laboratory, 
National Advisory Committee f o r  Aeronautics, 
Langley Field, Va., November 3,  1.934. 
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- Reginald R. Lundstrom 
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BODY CONTOUR ORDINA!lXS OF MODEL TESTED 
FU dimensions in inches] 
Stat ion 
8.658 
8.758 
8.858 
8 * 958 
9 058 
9 158 
9 9 258 
9 * 317 
9.408 
9 508 
9.608 
9.708 
9.808 
9 908 
io .  008 
io. 108 
io.  208 
io.  308 
io. 408 
10.508 
io .  608 
io .  708 
io .  808 
10. go8 
11.008 
11.108 
11.208 
11.308 
11.408 
11.508 
11.608 
u ,708 
Radius 
0 
.663 
* 927 
1.122 
1.281 
1.414 
1,530 
1 - 591 
1 - 677 
1.762 
1.840 
1.911 
1 - 976 
2 - 037 
2 093 
2.146 
2.196 
2.242 
2.286 
2.366 
2 327 
2.403 
2 437 
2.470 
2.501 
2 * 530 
2.557 
2 - 583 
2.607 
2.630 
2.651 
2.671 
Station 
u .808 
11. go8 
12.008 
12.108 
12.208 
12.308 
12 * 353 
12.453 
12.553 
12.653 
12 753 
12.853 
13.042 
14.604 
15.832 
17.442 
18.506 
19.642 
20.495 
21.179 
2l.842 
23.00 
80.00 
81.00 
81.50 
82.00 
82.50 
83.00 
83 * 50 
86.5 
84.00 
Radius 
2.690 
2.708 
2.724 
2.739 
2.753 
2 765 
2 * 771 
2.782 
2 * 792 
2.802 
2.812 
2.821 
2.837 
2 9 958 
3.034 
3.110 
3 147 
3.175 
3 190 
3 * 197 
3.200 
3.200 
3.200 
3.200 
3.193 
3.173 
3 143 
3.106 
3.064 
3 9 019 
2.793 
9 
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. a ?  m #  
TABU I1 
PHYSICAL CHARACTERISTICS OF MODEL TESTED 
Weight, lb . . . . . . . . . . . . . . . . . . . . . . . . . .  179.5 
Center-of-gravity station . . . . . . . . . . . . . . . . . . .  51.44 
Ix, slug-ft2 . . . . . . . . . . . . . . . . . . . . . . . . .  0.43 
I ~ ,  slug-ft . . . . . . . . . . . . . . . . . . . . . . . . .  18.71 
I ~ ,  slug-ft . . . . . . . . . . . . . . . . . . . . . . . . .  18.71 
2 
2 
Body diameter (cylindrical section), f t  . . . . . . . . . . . .  
Total wing  area per plane forward surface, ( t o t a l  w i n g  area of 
0.533 
Body cross-sectional area, sq f t  . . . . . . . . . . . . . . .  0.223 
0.446 
forward surface includes the fuselage profile area between 
Total w i n g  area per plane rearward surface including control, 
station 13.70 and 21.40), sq f t  . . . . . . . . . . . . . . .  
( to t a l  wing area of rearward surface includes the fuselage 
profile area between station 42.30 and 81.95), sq f t  . . . 4.129 
Exposed area of two control surfaces, sq f t  . . . . . . . . . .  0.301 
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